(19) 



J) 



Europaisches Patentamt 
European Patent Office 
Office euro pee n des brevets 



(12) 



(45) Date of publication and mention 
of the grant of the patent: 
16.07.2003 Bulletin 2003/29 

(21) Application number 97117840.5 

(22) Date of filing: 15.10.1997 



(H) EP 0 837 235 B1 

EUROPEAN PATENT SPECIFICATION 

(51) mtci7: F02F 7/00, F02F 1/16 



(54) An internal combustion engine cylinder block and manufacturing method 

Brennkraftmaschine-Zylinderblock und dessen Verfahren 

Bloc-cylindres pour un moteur a combustion interne et methode de sa fabrication 



00 

CO 
CM 

CO 
CO 



LU 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 16.10.1996 JP 27364596 

(43) Date of publication of application: 
22.04.1998 Bulletin 1998/17 

(73) Proprietor TOYOTA JIDOSHA KABUSHIKI 
KAISHA 
Aichi-ken (JP) 

(72) Inventors: 

• Takami, Toshihiro 
Toyota-shi, Aichi-ken (JP) 



• Karakl, Mitsuhlro 
Toyota-shi, Aichi-ken (JP) 

• Kenmochi, Masamitu 
Toyota-shi, Aichi-ken (JP) 

• Sasada, Koichiro 
Toyota-shi, Aichi-ken (JP) 

(74) Representative: Kugele, Bernhard et al 
Novagraaf SA 
25, Avenue du Pailty 
1220 Les Avanchets - Geneva (CH) 



(56) References cited: 
EP-A- 0 554 575 
US-A- 4 005 991 
US-A- 5 562 073 



US-A-1 721 197 
US-A- 4 469 060 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP0 837 235B1 



2 



Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a cylinder 
block of an internal combustion engine and, more par- 
ticularly, to a semi-wet liner type cylinder block in which 
a cylinder liner is integrally cast and a method for man- 
ufacturing such a cylinder liner. 

2. Description of the Related Art 

[0002] Conventionally, a wet liner type cylinder block 
is a known type of cylinder block for an internal combus- 
tion engine. In the wet liner type cylinder block, the cyl- 
inder liner is cooled directly by coolant in a water jacket 
by locating the cylinder liner so that at least a part of the 
cylinder liner is exposed to the water jacket. Such a wet 
liner type cylinder block can be manufactured by inte- 
grally casting a cylinder liner in a cylinder block body as 
disclosed in Japanese Laid-Open Patent Application 
No.5-1 77334. 

[0003] Generally, a cylinder block body is made of an 
aluminum alloy in order to reduce its weight, whereas a 
cylinder liner is made of cast iron to provide an anti-abra- 
sion characteristic. Since aluminum alloy has a thermal 
expansion coefficient greater than that of cast iron, the 
cylinder block body expands more than the cylinder liner 
when a temperature of the cylinder liner is increased due 
to operation of the internal combustion engine. As men- 
tioned above, the conventional cylinder block is manu- 
factured by integrally casting the cylinder liner in the cyl- 
inder block. Thus, when the cylinder block body ex- 
pands further than the cylinder liner, it is possible that a 
gap is formed between the cylinder block body and the 
cylinder liner. Since an outer surface of the cylinder liner 
is exposed to the water jacket, an interface between the 
cylinder block body and the cylinder liner is exposed to 
the water jacket. Accordingly, if a gap is formed between 
the cylinder block body and the cylinder liner, it is pos- 
sible that a coolant can intrude into the crank case via 
the gap. 

[0004] Reference is made to EP-A-0554575 relative 
to which the invention is characterised. Reference is al- 
so made to US 1721197 and US 5562073. 

SUMMARY OF THE INVENTION 

[0005] It would be desirable to provide an improved 
and useful cylinder block of an internal combustion en- 
gine and a manufacturing method therefor in which the 
above-mentioned problems are eliminated. 
[0006] It would also be desirable to provide a cylinder 
block and a manufacturing method therefor in which a 
portion between the cylinder block body and the cylinder 
liner is sealed against coolant entry, and thereby the 



coolant is prevented from intruding into the crank case. 
[0007] In a first aspect, the invention provides a cyl- 
inder block of an internal combustion engine, compris- 
ing: 

5 

a cylinder block body made of a first material; and 
a cylinder liner cast in said cylinder block body, said 
cylinder liner made of a second material different 
from said first material, 

10 

wherein said cylinder liner comprises an engaging 
portion shaped to interfit with a mating portion of said 
cylinder block body 

characterised by said engaging portion of said cyl- 

13 inder liner being outside said mating portion in a radial 
direction of said cylinder liner so as to prevent separa- 
tion of said cylinder liner and said cylinder block body in 
a radial direction of said cylinder liner, when said cylin- 
der block body expands in use. 

20 [0008] Accordingly, when the cylinder block body ex- 
pands further than the cylinder liner, the portion of the 
cylinder block body tightly contacts the engaging portion 
of the cylinder liner. Thereby, a seal against the coolant 
is provided at an interface between the cylinder block 

25 body and the cylinder liner. 

[0009] In one embodiment according to the present 
invention, the engaging portion may comprise a protru- 
sion protruding outwardly from an outer surface of the 
cylinder liner in a radial direction, the protrusion having 

30 an end portion extending in a direction of a longitudinal 
axis of the cylinder liner. 

[001 0] According to this embodiment, the end portion 
of the protrusion engages the portion of the cylinder 
block body from outside of the portion of the cylinder 

35 block body in a radial direction. Thereby, a seal against 
the coolant is positively provided at an interface be- 
tween the portion of the cylinder block body and the end 
of the protrusion protruding from the cylinder liner. 
[0011] Additionally, the engaging portion may com- 

40 prise a hollow space formed in the cylinder liner, the hol- 
low space having an opening in an outer surface of the 
cylinder liner, an area of the hollow space being greater 
than an area of the opening when viewed in a radial di- 
rection of the cylinder liner. 

45 [0012] In one embodiment according to the present 
invention, the engaging portion may include a first pro- 
trusion and a second protrusion adjacent to the first pro- 
trusion, the first and second protrusions protruding out- 
wardly from an outer surface of the cylinder liner, each 

50 of the first and second protrusions having an end portion 
extending in opposite directions toward each other in a 
direction of a longitudinal axis of the cylinder liner. 
[0013] According to this embodiment, a seal can be 
provided between the portion of the cylinder block body 

55 protruding through a portion between the first and sec- 
ond protrusions. 

[0014] Additionally, each of the first and second pro- 
trusion has an undercut portion in an area connecting 
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to the outer surface of trie cylinder liner when viewed 
from outside in a radial direction of the cylinder liner. 
[001 5] According to this embodiment, the cylinder lin- 
er engages the cylinder block body from outside in a ra- 
dial direction in the undercut portion as well as the end 
portions of the first and second protrusions. Thus the 
number of sealing portions is increased, resulting in a 
positive seal against the coolant. 
[0016] In one embodiment according to the present 
invention, an uneven portion is provided to the outer sur- 
face of the cylinder liner between the first and second 
protrusions along a circumferential direction of the cyl- 
inder liner. 

[0017] Accordingly, a relative displacement between 
the cylinder liner and the cylinder block body in the cir- 
cumferential direction is prevented by the unevenness. 
When expansion occurs in the cylinder block body that 
is greater than the expansion in the cylinder liner, a rel- 
ative displacement occurs in the interface between the 
cylinder liner and the cylinder block body in the circum- 
ferential direction as well as in a radial direction. Accord- 
ingly, if the relative displacement in a radial direction is 
restricted, the relative displacement in the circumferen- 
tial direction can be restricted. Thereby, formation of a 
gap in an interface between the cylinder block and the 
cylinder liner is prevented, resulting in an improved seal- 
ing effect against entry of the coolant at the interface. 
[0018] In one embodiment according to the present 
invention, the engaging portion may include a first pro- 
trusion and a second protrusion adjacent to the first pro- 
trusion, the first and second protrusions protruding out- 
wardly from an outer surface of the cylinder liner, the 
first and second protrusions slanting toward each other. 
[0019] Additionally, in one embodiment according to 
the present invention, the engaging portion may include 
a circumferentially extending portion connected to an 
outer surface of the cylinder liner, the circumferentially 
extending portion being positioned a predetermined dis- 
tance away from the outer surface of the cylinder liner 
in a radial direction of the cylinder liner, the circumfer- 
entially extending portion having a plurality of openings 
connecting outside and inside of the circumferentially 
extending portion. 

[0020] Accordingly, the circumferentially extending 
portion engages a portion of the cylinder block body lo- 
cated inside the circumferentially extending portion from 
outside in a radial direction. Thus, a positive sealing ef- 
fect is provided between the circumferentially extending 
portion and the portion of the cylinder block body. 
[0021] Additionally, the predetermined distance may 
be greater than a width of a portion of the cylinder block 
body positioned on the outside of the circumferentially 
extending portion, the width being measured in a radial 
direction of the cylinder liner. 

[0022] When the cylinder liner is cast, the molten met- 
al is introduced into a space between the circumferen- 
tially extending portion and an outer surface of the cyl- 
inder liner through the openings formed in the circum- 



ferentially extending portion. In a cooling process after 
the molten metal is filled, a flow of the molten metal oc- 
curs in a direction from outside the circumferentially ex- 
tending portion to the space between the circumferen- 
s tially extending portion via the openings due to the 
shrinkage of the molten metal in a radially inward direc- 
tion. Thus, a good sealing effect is obtained in an area 
adjacent to the openings. 

[0023] In one embodiment according to the present 
10 invention, the circumferentially extending portion may 
be connected to the cylinder at opposite sides thereof. 
[0024] Alternatively, the circumferentially extending 
portion may be con nected to the cylinder liner by a single 
rib at a middle position between opposite sides of the 
15 circumferentially extending portion. 

[0025] Additionally, the circumferentially extending 
portion may be connected to the cylinder liner by a plu- 
rality of ribs each of which extends in a direction parallel 
to a longitudinal axis of the cylinder liner. 
[0026] Further, in the cylinder block according to the 
present invention an uneven portion may be provided 
on an outer surface of the cylinder liner in a portion con- 
tacting the cylinder block body in a circumferential di- 
rection. In a further aspect, the invention provides a 
method for manufacturing a cylinder block of an internal 
combustion engine, comprising: 

a cylinder block body made of a first material; and 
a cylinder liner cast in said cylinder block body, said 
cylinder liner made of a second material different 
from said first material, said cylinder liner having an 
engaging portion shaped to interfit with a mating 
portion of said cylinder block body, said engaging 
portion of said cylinder liner being outside said mat- 
ing portion in a radial direction of said cylinder liner 
so as to prevent separation of said cylinder liner and 
said cylinder block body in a radial direction of said 
cylinder liner, when said cylinder block body ex- 
pands in use, 

said method characterised by: 

a first step of placing a core in a predetermined 
position inside a mold, said core having an in- 
ner surface for forming said engaging portion; 
a second step of die matching a liner pattern 
with respect to said core, said liner pattern hav- 
ing a contour substantially the same as said cyl- 
inder liner other than a portion corresponding 
to said engaging portion, said liner pattern com- 
prising a combination of a plurality of pieces so 
that said liner pattern is die matched by posi- 
tioning each of said pieces in a predetermined 
position inside said core; 
a third step of forming an outer surface forming 
mold corresponding to an outer surface of said 
cylinder liner by filling a mold material in a cavity 
formed between said moid and each of said 
core and said liner pattern and solidifying the 
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mold material in said cavity so as to unitize the 
mold material and said core; 
a fourth step of removing said liner pattern from 
said mold; 

a fifth step of placing an inner surface die in a 
predetermined position inside said outer sur- 
face forming mold, said inner surface die hav- 
ing a contour substantially the same as a con- 
tour of an inner surface of said cylinder liner; 
a sixth step of forming a liner forming mold by 
filling a mold material in said inner surface die 
so as to form an inner surface mold having a 
contour substantially the same as the contour 
of the inner surface of said cylinder liner and 
solidifying the mold material in said inner sur- 
face die so as to unitise said outer surface form- 
ing mold and said inner surface forming mold; 
and 

a seventh step of casting said cylinder liner by 
filling molten metal in a cavity formed by said 
outer surface forming mold and said inner sur- 
face forming mold of said liner forming mold; 
and 

an eight step of insertion casting said cylinder 
block with said cylinder liner inserted in said cyl- 
inder block. 

[0027] In this method, the liner pattern is divided into 
a plurality of pieces. Thus, die matching of the liner pat- 
tern inside the core can be achieved by arranging each 
piece of the liner pattern in a predetermined position in- 
side the core. Then, in the third step, the mold forming 
the engaging portion of the cylinder liner is formed by 
the inner surface of the core. Additionally, the mold 
which forms the outer surface of the cylinder liner other 
than the engaging portion is formed by the mold material 
filled around the liner pattern. These molds are utilised 
so that the mold for forming the outer surface of the cyl- 
inder liner is formed. By using the outer surface forming 
mold, the cylinder liner having the engaging portion can 
be formed which engaging portion engages the cylinder 
block body from outside in a radial direction. 

Other features and advantages of the present in- 
vention will become more apparent from the following 
detailed description when read in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] 

FIG.1 is a plan view of a cylinder block according to 
a first embodiment of the present invention; 
FIG.2 is a cross-sectional view taken along a line 

II- llof FIG.1; 

FIG.3 is a cross-sectional view taken along a line 

III- Ill of FIG.2; 

FIG.4 is an enlarged cross-sectional view of an en- 



gaging portion provided to a cylinder liner of the first 
embodiment; 

FIG .5 is an enlarged cross-sectional view of an en- 
gaging portion provided to a cylinder liner of a sec- 

5 ond embodiment of the present invention; 

FIG.6 is an enlarged cross-sectional view of an en- 
gaging portion provided to a cylinder liner of a third 
embodiment of the present invention; 
FIG .7 is an enlarged cross-sectional view of an en- 

10 gaging portion provided to a cylinder liner of a fourth 
embodiment of the present invention; 
FIG.8 is an enlarged cross-sectional view of an en- 
gaging portion provided to a cylinder liner of a fifth 
embodiment of the present invention; 

'5 FIG .9 is a cross-sectional view taken along a line 
IX-IX of FIG.8; 

FIG.1 0 is a view of an engaging portion provided to 
a cylinder liner according to a sixth embodiment, 
viewed from outside in a radial direction; 
20 FIG.1 1 is a cross-sectional view taken along a line 
XI-XI of FIG. 10; 

FIG.1 2 is an enlarged cross-sectional view of an en- 
gaging portion provided to a cylinder liner of a sev- 
enth embodiment of the present invention; 

25 FIG.1 3 is an perspective view of an engaging por- 
tion provided to a cylinder liner of an eighth embod- 
iment of the present invention; 
FIG.1 4 is a plan vie of a core used for manufacturing 
a cylinder block according to the first embodiment 

so of the present invention; 

FIG.1 5 is a cross-sectional view of the core; 
FIG.1 6 is a cross-sectional view for explaining a 
manufacturing method of the core; 
FIG.1 7 is a plane view of a mold for manufacturing 

35 the cylinder block according to the first embodiment 
of the present invention in a state where the core is 
placed in a predetermined position; 
FIG.1 8 is a cross-sectional view taken along a line 
XVIII-XVIII of FIG.1 7; 

40 FIG.1 9 is a front view of a liner pattern; 

FIG .20 is a plan view of the liner pattern; 

FIG. 21 is a plan view of the liner pattern which is 

divided into pieces; 

FIG .22 is a front view of the liner pattern which is 
45 divided into pieces; 

FIG .23 is a view of the liner pattern located in the 
mold for explaining die matching of the liner pattern 
inside the core; 

FIG .24 is a view of the liner pattern located in the 
50 mold for explaining die matching of the liner pattern 
inside the core; 

FIG .25 is a view of the liner pattern located in the 
mold in a state where the liner pattern is die 
matched in a predetermined position inside the 
55 core; 

FIG.26 is an enlarged cross-sectional view of an en- 
gaging portion between an inner surface of the core 
and the liner pattern; 
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FIG.27 is a view for explaining a procedure for die 
matching an upper mold and a lower mold; 
FIG.28 is a view of the upper mold and the lower 
mold which are die matched in predetermined po- 
sitions; 

FIG.29 is a view of the mold in a state where the 
liner pattern is removed after an outer mold pattern 
was formed; 

FIG. 30 is a cross-sectional view for explaining a 
procedure of die matching a bore die and an inner 
die; 

FIG.31 is a cross-sectional view of the bore die and 
the inner die which are die matched; 
FIG.32 is a cross-sectional view of the liner mold 
pattern after it is molded; 

FIG.33 is a view for explaining a procedure of die 
matching the liner mold pattern in a mold; 
FIG.34 is a cross-sectional view of the liner pattern 
die matched in the mold; 

FIG.35 is a cross-sectional view of an engaging por- 
tion between the core and the liner pattern for man- 
ufacturing the cylinder liner according to the second 
embodiment of the present invention; 
FIG.36 is a cross-sectional view of an engaging por- 
tion between the core and the liner pattern for man- 
ufacturing the cylinder liner according to the third 
embodiment of the present invention; 
FIG.37 is a cross-sectional view of an engaging por- 
tion between the core and the liner pattern for man- 
ufacturing the cylinder liner according to the fifth 
embodiment of the present invention; 
FIG.38 is a plan view of a part of the core for man- 
ufacturing the cylinder liner according to the fifth 
embodiment of the present invention; 
FIG. 39 is a cross-sectional view of an engaging por- 
tion between the core and the liner pattern for man- 
ufacturing the cylinder liner according to the sev- 
enth embodiment of the present invention; and 
FIG. 40 is a cross-sectional view of a part of a liner 
mold pattern for explaining a method for forming 
openings in an engaging portion of the cylinder liner 
according to the seventh embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] A description will now be given, with reference 
to FIGS.1 to 4, of a double cylinder type cylinder block 
1 0 according to a first embodiment of the present inven- 
tion. It should be noted that the present invention can 
be applied to a single cylinder type cylinder block or a 
multiple cylinder type cylinder block having a plurality of 
cylinders. FIG.1 is a plane view of a part of the cylinder 
block 10. FIGS.2 and 3 are cross-sectional views of the 
cylinder block 10 taken along a line II and a line III of 
FIG.1, respectively. 

[0030] As shown in FIGS.1 -3, the cylinder block 1 0 is 
constructed by casting cylinder liners 14 which are 
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made of cast iron into a cylinder block body 12 which is 
made of aluminum alloy. The cylinder block body 1 2 has 
two cylinders 1 6. The cylinder liners 1 4 are provided on 
an inner side of a corresponding cylinder 16. The cylin- 
der liner 1 4 provides, on an inner side thereof, a cylinder 
bore 1 8 in which a piston (not shown in the figures) is 
movable therein, and provides a part of an inner wall of 
a water jacket 20 on an outer side thereof. Bolt holes 22 
are provided around the water jacket 20 for mounting a 
cylinder head (not shown in the figures). The above- 
mentioned cylinder 16, water jacket 20 and bolt holes 
22 are open in a deck surface 24 of the cylinder block 
body 12. 

[0031] As shown in FIG.2, a plurality of ribs 14a are 
provided on a portion of an outer surface of the cylinder 
liner 14 which faces the water jacket 20. Since the ribs 
14a are provided, a contact area between the cylinder 
liner and the coolant is increased, and thereby a cooling 
effect of the coolant is increased. A crank case 25 is 
provided in a portion under the cylinder 16 of the cylinder 
block 10 in FIG.2. Additionally, an engaging portion 26 
is provided around the entire circumference of a portion 
of the cylinder liner 14, the engaging portion being cast 
within the cylinder block body 12. The structure of the 
engaging portion 26 will be described later. 
[0032] As shown in FIG.3, the cylinder liner 14 has 
inter-bore water passages 1 4c, 1 4d and 1 4e which pass 
through a boundary portion between the adjacent cylin- 
der bores in left and right directions in the figure. Since 
the inter-bore water passages 14c-14e are provided, a 
cooling effect is provided even in the boundary portion 
between the adjacent cylinder bores. 
[0033] It should be noted that the cylinder block 1 0 is 
cast by poring molten metal into a cavity formed be- 
tween the cylinder liner 14 and a mold in a state where 
the cylinder liner 14 is placed in the mold with a core for 
forming the water jacket around the cylinder liner 14, 
[0034] When the internal combustion engine is oper- 
ated, a temperature of the cylinder block is increased. 
As mentioned above, the cylinder block body 1 2 is made 
of aluminum alloy, whereas the cylinder liner is made of 
cast iron. Since the thermal expansion coefficient of alu- 
minum alloy is greater than the thermal expansion co- 
efficient of cast iron, the cylinder block body 1 2 expands 
further than the cylinder liner 14. Accordingly, it is pos- 
sible that a gap is formed between the cylinder block 
body 1 2 and the cylinder liner 1 4. Since the cylinder liner 
14 constitutes a part of the inner wall of the water jacket 
20 as mentioned above, the interface between the cyl- 
inder liner 1 4 and the cylinder block body 1 2 is exposed 
to the water jacket 20. Additionally, as shown in FIG.2, 
a lower end of the interface between the cylinder liner 
14 and the cylinder block body 12 is exposed to the 
crank case 25. Thus, if a gap is formed between the cyl- 
inder liner 14 and the cylinder block body 12, it is pos- 
sible that a coolant in the water jacket 20 could enter the 
crank case 25 through the gap. 
[0035] On the other hand, in the cylinder block 10 ac- 
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cording to the present embodiment, since the cylinder 
liner 14 is provided with the engaging portion 26, an im- 
proved sealing effect is provided for a portion between 
the cylinder liner 14 and the cylinder block body 12 
against entry of the coolant. Thus the coolant is prevent- 
ed from entering into the crank case 25. A description 
will be given of the engaging portion 26a below. 
[0036] FIG. 4 is an enlarged cross-sectional view of 
the engaging portion 26 provided to the cylinder liner 1 4 
according to the present embodiment, the engaging por- 
tion being cut in an axial direction of the cylinder liner 
14. As shown in FIG.4, the engaging portion 26 includes 
a pair of protrusions 140 and 142 which protrudes in a 
radially outward direction from an outer surface of the 
cylinder liner 1 4. The protrusions 1 40 and 1 42 have bent 
portions 140a and 142a at their ends, respectively, 
which are bent so that the bent portions 140a and 1 42a 
are opposite each other in the axial direction of the cyl- 
inder liner 14. As mentioned above, the cylinder block 
10 is cast by poring molten metal into the cavity formed 
around the cylinder liner 14. Accordingly, the molten 
metal is filled in a space between the protrusions 140 
and 142 of the engaging portion 26 of the cylinder liner 
14, and an engaging protrusion 120 is formed on a sur- 
face of the cylinder block body 12 by the molten metal 
filled in the space between the protrusions 140 and 142. 
The engaging protrusion 120 has a top surface 120a 
and engaging surfaces 120b and 120c. The top surface 
120a contacts a portion of the outer surface of the cyl- 
inder liner 1 4 between the protrusions 1 40 and 1 42. The 
engaging surfaces 120b and 120c engages the engag- 
ing surfaces 140b and 142b which are inner surfaces of 
the bent portions 140a and 142a. 
[0037] According to the structure of the engaging por- 
tion 26, when a temperature of the cylinder block 10 is 
raised in association with an operation of the internal 
combustion engine, the outer diameter of the engaging 
surfaces 120b and 120c of the engaging protrusion 120 
becomes greater than the inner diameter of the engag- 
ing surfaces 140b and 142b of the protrusions 140 and 
142 since the cylinder block body 12 expands further 
than the cylinder liner 1 4. Accordingly, the engaging sur- 
faces 120b and 120c and the engaging surfaces 140b 
and 142b press against each other and, thus, a sealing 
effect between the engaging surfaces 120b and 120c 
and the engaging surfaces 140b and 142b is improved. 
Thus, if the coolant from the water jacket 20 enters the 
interface between the cylinder block body 12 and the 
cylinder liner 14, the coolant is prevented from entering 
the crank case 25 since a tight seal is provided between 
the engaging surfaces 1 20b and 1 20c and the engaging 
surfaces 140b and 142b. 

[0038] As mentioned above, in the present embodi- 
ment, the engaging protrusion 120 of the cylinder block 
body 1 2 engages the engaging portion 26 of the cylinder 
liner 1 4 so that the engaging protrusion 1 20 is positioned 
on the inner side of the engaging portion 26. According- 
ly, when thermal expansion occurs in the cylinder block, 



a seal against the coolant is provided by the engaging 
portion 26. Thus, the coolant is prevented from intruding 
into the crank case 25. 

[0039] It should be noted that, as shown in FIG.2, in 

5 the cylinder block 10, the coolant 25 being prevented 
from entering the crank case 25 is ensured by providing 
the engaging portion 26 at two locations. 
[0040] A description will now be given, with reference 
to FIGS.5 to 13, of other embodiments of the present 

10 invention. It should be noted that those embodiments 
features a structure of an engaging portion provided on 
an outer surface of a cylinder liner, and parts other than 
the engaging portion have the same structure as that of 
the above-mentioned first embodiment. 

15 [0041] FIG.5 is an enlarged cross-sectional view of an 
engaging portion 28 formed on a cylinder liner 28 ac- 
cording to a second embodiment of the present inven- 
tion, the engaging portion being cut in an axial direction 
of the cylinder liner 28. As shown in FIG.5, the engaging 

20 portion 30 of the present embodiment includes a pair of 
protrusions 32 and 34 which protrudes radially outward- 
ly from an outer surface of the cylinder liner 28. The pro- 
trusions 32 and 34 are formed in an arc-like shape so 
that the cross sections of the protrusions 32 and 34 are 

25 convex shapes extending in opposite directions to each 
other along the axis of the cylinder liner 28. 
[0042] According to the structure of the engaging por- 
tion 30, similar to the engaging portion 26 of the first 
embodiment, a seal against the coolant is achieved by 

30 the cylinder liner 28 being engaged with the cylinder 
block body 12 from an outer side in a radial direction at 
inner surfaces 32a and 34a of ends of the protrusions 
32 and 34 and outer surfaces 32b and 34b near the roots 
of the protrusions 32 and 34. In this case, a sealing effect 

35 at an interface between the cylinder block 12 and the 
cylinder liner 28 is improved by sealing engagement at 
two portions for each of the protrusions 32 and 34 when 
thermal expansion occurs in the cylinder block 10. 
[0043] FIG.6 is an enlarged cross-sectional view of an 

40 engaging portion 46 formed on a cylinder liner 44 ac- 
cording to a third embodiment of the present invention, 
the engaging portion being cut in an axial direction of 
the cylinder liner 44. As shown in FJG.6, the engaging 
portion 46 of the present embodiment includes a pair of 

45 protrusions 48 and 50 which protrudes radially outward- 
ly from an outer surface of the cylinder liner 44. The pro- 
trusions 48 and 50 extend toward each other so that 
each of the protrusions provide a conical shape. Accord- 
ing to the structure of the engaging portion 46, similar 

50 to the engaging portion 26 of the first embodiment, a 
seal effect against the coolant is achieved by the cylin- 
der liner 44 being engaged with the cylinder block body 
12 from an outer side in a radial direction at inner sur- 
faces 48a and 50a of the protrusions 48 and 50. 

55 [0044] It should be noted that as appreciated from the 
second and third embodiment, a sealing effect can be 
obtained even when a direction of engagement is in- 
clined from a radial direction as long as a portion of the 



6 



11 

cylinder block body is present on an inner side of a por- 
tion of the cylinder liner. 

[0045] FIG.7 is an enlarged cross-sectional view of an 
engaging portion 40 formed on a cylinder liner 38 ac- 
cording to a fourth embodiment of the present invention. 5 
The engaging portion 40 of the present embodiment 
comprises a single protrusion 42 which has a construc- 
tion similarto the protrusion 142 of the engaging portion 
26 according to the above-mentioned first embodiment. 
In this structure, a sealing effect for an interface between 
the cylinder liner 38 and the cylinder block 12 against 
the coolant can be obtained when thermal expansion 
occurs in the cylinder block 10 since an inner surface 
42b of a bent portion 42a engages the cylinder block 
body in a radial direction from the outer side. It should 
be noted that the protrusion 42 may have a structure 
similar to the protrusions 32 and 34 of the engaging por- 
tion 30 shown in FIG.5 or the protrusions 48 and 50 of 
the engaging portion 46 shown in FIG. 6. 
[0046] FIG. 8 is an enlarged cross-sectional view of an 
engaging portion 54 formed on a cylinder liner 52 ac- 
cording to a fifth embodiment of the present invention, 
the engaging portion being cut in an axial direction of 
the cylinder liner 52. FIG. 9 is a cross-sectional view tak- 
en along a line IX of FIG.8. As shown in FIG.8, the en- 
gaging portion 54 of the present embodiment includes 
protrusions 56 and 58 which have a structure similar to 
the protrusions 140 and 142 shown in FIG.4. In the 
present embodiment, similarto the first embodiment, a 
sealing effect can be obtained against entry of the cool- 
ant by inner surfaces of bent portions 56a and 58a pro- 
vided on end portions of the protrusions 56 and 58. Ad- 
ditionally, as shown in FIG. 9, the engaging portion 54 
according to the present embodiment includes an une- 
ven portion 60 formed on an outer surface of the cylinder 
liner 52 between the protrusions 56 and 58, the uneven 
portion 60 extending in a circumferential direction of the 
cylinder liner 52. 

[0047] As mentioned above, when the temperature of 
the cylinder block 10 is raised, a gap is formed between 
the cylinder liner 52 and the cylinder block body 1 2 since 
the cylinder block body 12 expands more than the cyl- 
inder liner 52 due to a difference in the thermal expan- 
sion coefficient of the cylinder liner 52 and the cylinder 
block body 12. In such a case, in the interface between 
the cylinder liner 52 and the cylinder block body 12, a 
relative displacement in a circumferential direction oc- 
curs as well as a relative displacement in a radial direc- 
tion. Accordingly, if the relative displacement between 
the cylinder block body 12 and the cylinder liner 52 in 
the circumferential direction is prevented, the relative 
displacement in the radial direction can be prevented. 
[0048] In the present embodiment, the cylinder liner 
52 and the cylinder block body 12 engages each other 
in the circumferential direction by the uneven portion 60. 
Accordingly, the relative displacement between the cyl- 
inder liner 52 and the cylinder block body 12 in the cir- 
cumferential direction is restricted, and thereby the rel- 
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ative displacement between the cylinder liner 52 and the 
cylinder block body 12 in the radial direction is also re- 
stricted. Thus, formation of a gap between the cylinder 
liner 52 and the cylinder block body 12 is prevented. 
[0049] As mentioned above, according to the engag- 
ing portion 54 of the present embodiment, when a ther- 
mal expansion occurs in the cylinder block 1 0, a sealing 
effect against entry of the coolant is improved by a syn- 
ergetic effect of the bent portions 56a and 58a of the 
protrusions 56 and 58 and the uneven portion 60. There- 
by, the coolant is more positively prevented from enter- 
ing the crank case. 

[0050] It should be noted that, in the present embod- 
iment, although the uneven portion 60 is provided be- 
tween the protrusions 56 and 58, the present invention 
is not limited to this structure, that is, the uneven portion 
60 may be provided by a portion of the outer surface of 
the cylinder liner 52 which portion is cast within the cyl- 
inder block body 1 2. That is, the uneven portion 60 may 
be provided a portion in which the cylinder liner 52 con- 
tacts the cylinder block body 12. 
[0051] A description will now be given, with reference 
to FIGS.1 0 and 1 1 , of a sixth embodiment of the present 
invention. The sixth embodiment features an improve- 
ment of sealing characteristics against the coolant by 
increasing adhesion at a joining part between a cylinder 
liner 68 and the cylinder block body 12. 
[0052] FIG. 10 is a view of an engaging portion 70 
formed on the cylinder liner 68 viewed from a outside in 
a radial direction of the cylinder liner 68. FIG. 11 is a 
cross-sectional view taken along a line XI of FIG.1 0. As 
shown in FIGS.1 0 and 11, the engaging portion 70 in- 
cludes an annular anchor portion 72 which is spaced 
apart from an outer surface of the cylinder liner 68 at a 
predetermined distance L in a radial direction of the cyl- 
inder liner 68. The anchor portion 72 is connected to the 
cylinder liner 68 by a rim portions 74 and 76 over the 
entire circumference of the cylinder liner 68 at its oppo- 
site ends in the axial direction of the cylinder liner 68. 
Accordingly, an annular space 78 having a thickness L 
in a radial direction is formed around the cylinder liner 
68 by the anchor portion 72, the rim portions 74 and 76 
and the outer surface of the cylinder liner 68. As shown 
in FIG.1 0, a plurality of openings 80 are provided at 
equal intervals in a circumferential direction. It should 
be noted that the distance L, that is, the thickness L of 
the annular space 78 is set to a value greater than a 
thickness M of a portion 12b of the cylinder block body 
12 which is located around the anchor portion 72. 
[0053] According to the structure of the anchor portion 
70, when molten the cylinder block 10 is cast, the molten 
metal poured in a cavity fills the annular space 78 
through the openings 80. In a process for cooling and 
solidification afterthe molten metal is poured, the molten 
metal shrinks so that a center plane of the thickness of 
the cylinder block body 12 moves radially inwardly and 
the thickness is reduced. In this case, as mentioned 
above, since the thickness L of the annular space 78 is 
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greater than the thickness M of the portion 12b of the 
cylinder block body 1 2, the center plane of the thickness 
in a portion constituted by the molten metal in the annu- 
lar space 78, the opening 80 and the portion 12b of the 
cylinder block body 12 is shifted toward the annular 5 
space 78. Accordingly, in this portion, a flow is generat- 
ed in the molten metal from the portion 1 2b of the cylin- 
der block body 12 to the annular space 78. Due to the 
flow of the molten metal, adhesion between the anchor 
portion 72 and the cylinder block body 12 is improved w 
in an area (a hatched area 72a in FIG. 10) near the open- 
ings 80 of the anchor portion 72. Thus, in the present 
embodiment, a sealing effect against the coolant at the 
interface between the cylinder block body 12 and the 
cylinder liner 68 is improved by improving the adhesion 15 
between the anchor portion 72 and the portion 12b in 
the process for cooling and solidification. Thereby, the 
coolant is prevented from intruding into the crank case. 
[0054] It should be noted that, in the present embod- 
iment, similar to the first to fifth embodiments, a seal 20 
against the coolant at the interface between the cylinder 
liner 68 and the cylinder block body 12 is also provided 
by a inner surface of the anchor portion 72 being en- 
gaged with a portion of the cylinder block body 1 2 within 
the annular space 78 in a radial direction from an outer 25 
side. 

[0055] A description will now be given, with reference 
to FIG. 12, of a seventh embodiment of the present in- 
vention. FIG. 12 is a cross-sectional view of an engaging 
portion 100 formed on a cylinder liner 98 according to 30 
the present embodiment. As shown in FIG. 12, the en- 
gaging portion 100 comprises a rib 102 and an anchor 
portion 104. The rib 102 extends radially outwardly from 
an outer surface of the cylinder liner 98. The anchor por- 
tion 1 04 has an annular shape and is apart from the out- 35 
er surface of the cylinder liner 98 by a distance H. The 
anchor portion 104 is provided with openings 108 and 
1 1 0 formed at equal intervals in a circumferential direc- 
tion. The distance H is setto avaluegreaterthan athick- 
ness K of a portion 12c around the anchor portion 1 04 40 
of the cylinder block body 12. 
[0056] According to the above-mentioned structure, 
similar to the engaging portion 80 of the sixth embodi- 
ment, a flow of the molten metal is generated from an 
outer side to an inner side of the anchor portion 1 04 via 
the openings 1 08 and 1 1 0 in the process for cooling and 
solidification. Thus, adhesion between the anchor por- 
tion 104 and the portion 12c is improved at portions of 
the outer surface of the anchor portion 104 around the 
openings 1 08 and 1 1 0 and, thereby, a seal against the 50 
coolant can be provided. 

[0057] It should be noted that, in the present embod- 
iment, although the anchor portion 104 is supported by 
the rib 102 circumferentially extending on the cylinder 
liner 98, the anchor portion may be supported by a plu- 55 
rality of ribs 1 03 arranged at a predetermined interval in 
a circumferential direction, each of which extends in a 
radial direction of the cylinder liner 98 as shown in a per- 



spective view of FIG.13. 

[0058] It should be noted that, in the sixth and seventh 
embodiments, the anchor portions 72 and 104 corre- 
sponds to an engaging arrangement. 
[0059] A description will now be given, with reference 
to FIGS. 14 to 34, of an example of a manufacturing 
method for the cylinder block according to the first em- 
bodiment of the present invention. The manufacturing 
method features, especially, a formation of a configura- 
tion having a space located at an interior of the cylinder 
liner like the engaging portion 26 of the cylinder liner 1 4. 
[0060] FIG.1 4 is a plan view of a core 200 for forming 
the engaging portion on the cylinder liner 14. FIG. 15 is 
a cross-sectional view taken along a line XV -XV of FIG. 
14. As shown in FIG.1 4, the core 200 is a sand mold 
corresponding to a double cylinder structure. As shown 
in FIG.1 5, the core 200 has a portion 200a formed on 
an inner circumferential surface thereof so as to form 
the engaging portion 26 of the cylinder liner 14. FIG.1 6 
is a cross-sectional view for explaining a manufacturing 
method of the core 200. As shown in FIG.1 6, the core 

200 can be manufactured by filling a molding material 
into a cavity 201c formed by a combination of a mold 

201 a and a mold 201 b. It should be noted that the core 

200 can be formed with a cross section having an arbi- 
trary configuration by changing the shapes of the molds 

201 a and 201b. 

[0061] The core 200 is placed inside a main mold 202. 
FIG.1 7 is a plan view of the main mold 202 in which the 
core 200 is placed. FIG.1 8 is a cross-sectional view tak- 
en along a line XVIII-XVIll of FIG. 1 7. The main mold 202 
is constituted by a combination of four molds 202a, 
202b, 202c and 202d. A cavity 202e is formed inside the 
molds 202a, 202b, 202c and 202d when they are com- 
bined. Additionally, the main mold 202 is provided with 
protrusions 203a to 203f (only protrusions 203c and 
203f are shown in the figure) arranged in two different 
levels. An end of each of the protrusions 203a to 203f 
engages an outer surface of the corresponding core 
200. The cores 200 are held in predetermined positions 
by the protrusions 203a to 203f as shown in FIGS. 17 
and 18. 

[0062] As shown in FIG.1 8, the main body 202 is 
placed on a top surface of a molding die 204. The mold- 
ing die 204 has blow ports 204a and 204b which con- 
nects the cavity 202e to a bottom surface 204 of the 
molding die 204. Additionally, the molding die 204 has 
a liner pattern table 204c on which a liner pattern 206 
(described later ) is seated. 

[0063] After the cores 200 are placed, the liner pattern 
206 is positioned inside the cores 200. FIG.1 9 is a front 
view of the liner pattern 206. FIG.20 is a plan view of 
the liner pattern 206. The liner pattern 206 is a hollow 
metal moid having a closed top end and an open bottom 
end. As shown in FIGS. 19 and 20, the liner pattern 206 
has a plurality of water passage holes 206a to 206c so 
as to form the inter-bore water passages 1 4c to 1 4e (re- 
fer to FIG.3). The liner pattern 206 is divided in to the 
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outer pieces 208 and 21 0, middle pieces 212,214,216 
and 218 and inter-bore pieces 220 and 222 by dividing 
lines 207a to 207m. FIGS.21 and 22 show a state where 
the liner 206 is divided into the pieces 208 to 222. 
[0064] FIGS. 23 to 25 are views for explaining a meth- 5 
od for die matching the liner pattern 206 inside the core 
200. When the loner pattern 206 is die matched with the 
core 200, the outer pieces 208 and 210 and the inter- 
bore pieces 220 and 222 are inserted into inside the 
cores 200 as shown in FIG.23. Thereafter, each piece 
is moved in directions as indicated by arrows in FIG.23 
so as to die match each piece in a predetermined posi- 
tion with respect to the cores 200. Then, as shown in 
FIG.24, the middle pieces 212 to 218 are placed be- 
tween the outer pieces 208 and 210 and the inter-bore 
pieces 220 and 222, respectively. Thereafter, the middle 
pieces 212 to 218 are moved in directions indicated by 
arrows in FIG .24. Thereby, the middle pieces 21 2 to 21 8 
are die matched in predetermined positions as shown 
in FIG.25. It should be noted that the liner pattern table 
204b of the molding die 204 is arranged so that the piec- 
es 208 to 222 are placed in predetermined positions 
along the axial direction in a state where the pieces con- 
stituting the liner pattern 206 are placed on the liner pat- 
tern table 204b. Thereby, die matching of the liner pat- 
tern can be easily performed. 

[0065] FIG.26 is a cross-sectional view of a portion 
where the core 200 engages the liner pattern 206, the 
portion being cut along the axial direction of the liner 
pattern 206. As shown in FIG.26, a pair of protrusions 
206a and 206b are formed on an outer surface of the 
liner pattern 206, the protrusions engaging the portion 
200a of the core 200. The position of the protrusions 
206a and 206b correspond to the engaging portion 26 
of the liner 14. The core 200 and the liner pattern 206 
engage with each other so that the portion 200a of the 
core 200 is placed within a space defined by the protru- 
sions 206a and 206b. According to this structure, when 
the mold material is filled around the liner pattern 206 
and the mold material and the core 200 becomes a solid 
piece, the mold material does not enter the above-men- 
tioned space. Thus, a portion of the sand mold which 
forms an outer surface of the engaging portion 26 is 
formed by an upper surface of the protrusion 206a and 
a lower surface of the protrusion 206b in FIG.26, and a 
portion of the sand mold which forms an inner surface 
of the engaging portion 26 is formed by the portion 200a 
of the core 200. 

[0066] After the die matching of the liner pattern 206 
is completed, an upper die 224 and a lower die 226 are 
die matched from the upper side and the lower side of 
the liner pattern 206 as shown in FIG.27. The lower die 
226 is provided with two cylindrical portions 226a and 
226b which are inserted inside the liner pattern 206 by 
passing through openings provided in the liner pattern 
table 204c of the liner pattern 204. Additionally, the up- 
per die 224 is provided with table portions 224a and 
224b which engage the top surface of the liner pattern 



206. FIG.28 shows a state where the upper die 224 and 
the lower die 226 are die matched in predetermined po- 
sitions. As shown in FIG.28, the liner pattern 206 is held 
in a predetermined position by the upper die 224 and 
the lower die 226 being die matched. In this state, a cav- 
ity 228 is formed between an inner surface of the main 
mold 202 and the outer surface of the liner pattern 206. 
[0067] After the die matching of the upper die 224 and 
the lower die 226 is completed, the mold material is in- 
troduced into the cavity 228 through the blow ports 204a 
and 204b. Then, catalytic gas is passed through the 
mold material filled in the cavity 228 so as to solidify the 
moid material, and the solidified material and the cores 
200 are formed into one piece. After the upper die 224 
and the lower die 226 are removed, the middle pieces 
21 2 to 21 B are pulled out first, and then the outer pieces 
208 and 210 and the inter-bore pieces 220 and 222 are 
gathered toward the center of the corresponding cylin- 
der and pulled out as shown in FIG.29. In this state, an 
outer mold pattern 230 is formed in which the mold ma- 
terial filled in the cavity 228 and the cores 200 are com- 
bined into one piece. It should be noted that an engaging 
step 230a is formed on an inner surface of the outer 
mold pattern 230 by an upper peripheral corner of the 
liner pattern 206. Additionally, water passage forming 
portions 230a to 230c are formed by the mold material 
filled in the water passage holes 206a to 206c of the 
liner pattern 206. 

[0068] After the outer mold pattern 230 is formed 
which forms the outer surface of the cylinder liner 14, 
another mold pattern is formed which forms the inner 
surface, that is, the cylinder bore of the cylinder liner 1 4. 
First, as shown in FIG.30, an inner die 234 and a bore 
die 236 are die matched from the upper side and the 
lower side of the outer mold pattern 230. FIG.32 shows 
a state where the inner die 234 and the bore die 236 are 
die matched. As shown in FIG.3 and 31, the inner die 
234 is provided with cylindrical portions 234a and 234b 
which protrude into inside the outer mold pattern 230 
when it is die matched. The bore die 236 is provided 
with inner mold patterns 236a and 236b having a con- 
figuration the same as that of each of the cylinder bore 
surfaces. The inner mold patterns 236a and 236b ex- 
tend upwardly so that each of the inner mold patterns 
236a and 236b faces an inner surface of the corre- 
sponding inner surface of the outer mold pattern 230 
when the bore die 236 is die matched. An end of each 
of the inner mold patterns 236a and 236b engages the 
engaging step 230a when the bore die is die matched. 
Further, the bore die 236 is provided with blow ports 
236c and 236d which connect a space formed under a 
bottom surface of the bore die 236 to spaces formed 
inside the inner mold patterns 236a and 236b. 
[0069] A mold material is introduced into cavities 238 
formed inside the inner mold patterns 236a and 236b of 
the bore die 236 through the blow ports 236c and 236d. 
In this case, upper ends of the inner mold patterns 236a 
and 236b of the bore die 236 engage the engaging step 
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230a of the outer 'mold pattern 230. Thereby, the mold 
material is prevented from entering a space formed be- 
tween outer surfaces of the inner mold patterns 236a 
and 236b and the outer mold pattern 230. The mold ma- 
terial filled in the cavity 238 is solidified by a catalytic 5 
gas being passed therethrough. The solidified mold ma- 
terial is unitized with the outer mold pattern at a portion 
above the engaging step 230. Then, as shown in FIG. 
32, the upper die 234 and the lower die (bore die) 236 
are removed upwardly and downwardly, respectively, 
and the parts of the main mold 202 are moved in side 
directions. Thus, a liner mold pattern 242 is taken out in 
which the mold material filled in the cavity 238 and the 
outer mold pattern 230 are unitized. In the liner mold 
pattern 242, a liner forming cavity 242a is formed by a 
space occupied by the inner mold patterns 236a and 
236b of the bore die 236 and a space between the inner 
mold patters 236a and 236b and the outer mold pattern 
230. Additionally, hollow portions 242b and 242c are 
formed which correspond to the cylindrical portions 
242b and 242c, respectively. The hollow portions 242b 
and 242c are provided for discharging a gas included in 
the molten metal of the liner mold pattern 242. 
[0070] After the liner mold pattern 242 is formed which 
is a pattern for forming the cylinder liner 14, a liner cast- 
ing upper mold 244 and a liner casting lower mold 246 
are die matched to the liner mold pattern 242 from the 
upper side and the lower side 242, respectively, as 
shown in FIG .33. FIG.34 shows a state in which the liner 
casting upper mold 244 and the liner casting lower mold 
246 are die matched. As shown in FIG.34, the liner cast- 
ing upper mold 244 is provided with a gate 244a. The 
liner casting lower mold 246 is constructed so that a run- 
ner 246a is formed when it is die matched, the runner 
246 connecting the gate 244a to the liner forming portion 
242a. 

[0071 ] Afterthe die matching of the liner casting upper 
mold 244 and the liner casting lower mold 246 is com- 
pleted, the molten cast iron is introduced into the forming 
portion 242a of the liner mold pattern 242 from the gate 
244a of the liner casting upper moid 244 so as to cast 
the cylinder liner 14. 

[0072] Thereafter, a core is attached to an outer sur- 
face of the cylinder liner 1 4 so as to form the water jacket 
20, and the casting molds are arranged around the cyl- 
inder liner 14. Then molten aluminum alloy is filled in a 
cavity formed between the casting molds and the cylin- 
der liner 14 so as to cast the cylinder block 10. 
[0073] As mentioned above, in the present embodi- 
ment, the core 200 for forming the engaging portion 26 
is formed separately from the outer mold pattern 230 for 
forming the outer surface of the cylinder liner 1 4. There- 
after, the core 200 and the outer mold pattern 230 are 
unitized so as to form the cylinder liner having a space 
which expands inside the cylinder liner like the engaging 
portion 26. 

[0074] It should be noted that, although in the present 
embodiment the cylinder liner 14 according to the first 
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embodiment is manufactured, the cylinder liners ac- 
cording to other embodiments can be manufactured by 
changing a contour of the cross-section of the core 200 
and the liner pattern 206. For example, when the cylin- 
der liner 28 shown in FIG.5 is manufactured, the outer 
surface configuration of the protrusions 206a and 206b 
of the liner pattern 206 is to be formed to correspond to 
the configuration of the protrusions 32 and 34 of the en- 
gaging portion 30 as shown in FIG.35. Additionally, 
when the cylinder liner 44 shown in FIG. 6 is manufac- 
tured, the portion 200a of the core 200 and the protru- 
sions 206a and 206b of the liner pattern 206 are to be 
formed as that shown in FIG.36. 
[0075] Additionally, when the cylinder liner 68 shown 
in FIG. 11 is manufactured, the portion 200a of the core 
200 and the protrusions 206a and 206b of the liner pat- 
tern 206 are formed as shown in FIG.37. In this case, 
the core 200 is to be formed to have a plurality of con- 
necting portions 200b periodically arranged in a circum- 
ferential direction as shown in a plane view of FIG. 38. 
[0076] Further, when the cylinder liner 68 shown in 
FIG. 12 is manufactured, the core 200 and the liner pat- 
tern 206 are to be formed as that shown in FIG.39. Then , 
when the cylinder liner 98 is cast by the liner mold pat- 
tern 242, piercing rods 250 are inserted into the liner 
mold pattern 242 as shown in FIG.40. 
[0077] The present invention is not limited to the spe- 
cifically disclosed embodiments, and variations and 
modifications may be made without departing from the 
scope of the present invention, as defined in the ap- 
pending claims. 



Claims 

1. A cylinder block of an internal combustion engine, 
comprising: 

a cylinder block body made of a first material; 
and 

a cylinder liner (14; 28; 44; 38; 52; 68; 98) cast 
in said cylinder block body, said cylinder liner 
made of a second material different from said 
first material, 

wherein said cylinder liner comprises an engaging 
portion (26; 30; 40; 46; 54; 70; 1 00) shaped to interfit 
with a mating portion of said cylinder block body 

characterised by said engaging portion of 
said cylinder liner being outside said mating portion 
in a radial direction of said cylinder liner so as to 
prevent separation of said cylinder liner and said 
cylinder block body in a radial direction of said cyl- 
inder liner, when said cylinder block body expands 
in use. 

2. The cylinder block as claimed in claim 1 , wherein 
said engaging portion of said cylinder liner is formed 
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along an entire circumference on an outer surface 
of said cylinder liner which is casted in said cylinder 
block body. 

3. The cylinder block as claimed in claim 1 or 2, char- 
acterised in that said engaging portion (26; 30; 40; 
46; 54) comprises a protrusion (140, 142; 32, 34; 
48; 50; 42; 56; 58) protruding outwardly from an out- 
er surface of said cylinder liner (14; 28; 44; 38; 52) 
in a radial direction, said protrusion having an end 
extending in a direction of a longitudinal axis of said 
cylinder liner. 

4. The cylinder block as claimed in claim 1 , charac- 
terized in that said engaging portion comprises a 
hollow space formed in said cylinder liner (14; 28; 
44; 56), said hollow space having an opening in an 
outer surface of said cylinder liner, an area of said 
hollow space being greater than an area of said 
opening when viewed in a radial direction of said 
cylinder liner. 

5. The cylinder block as claimed in claim 3, charac- 
terized in that said engaging portion includes a first 
protrusion (1 40; 32; 48; 56) and a second protrusion 
(142; 34; 50; 58) adjacent to said first protrusion, 
said first and second protrusions protruding out- 
wardly from an outer surface of said cylinder liner 
(14; 28; 44; 52), each of said first and second pro- 
trusions having an end portion extending in direc- 
tions toward each other in a direction of a longitudi- 
nal axis of said cylinder liner. 

6. The cylinder block as claimed in claim 3 or 5, char- 
acterized in that each of said first and second pro- 
trusion (32, 34) has an undercut portion (32b, 34b) 
in an area connecting to the outer surface of said 
cylinder liner when viewed from outside in a radial 
direction of said cylinder liner. 

7. The cylinder block as claimed in claim 3 or 5 char- 
acterized in that an uneven portion (60) is provided 
to the outer surface of said cylinder liner (52) be- 
tween said first and second protrusions (56, 58) 
along a circumferential direction of said cylinder lin- 
er. 

8. The cylinder block as claimed in claim 3, charac- 
terized in that said engaging portion (46) includes 
a first protrusion (48) and a second protrusion (50) 
adjacent to said first protrusion, said first and sec- 
ond protrusions protruding outwardly from an outer 
surface of said cylinder liner (44), said first and sec- 
ond protrusions slanting toward each other. 

9. The cylinder block as claimed in claim 1 or 2, char- 
acterized in that said engaging portion (70; 100) 
includes a circumferentially extending portion (72; 
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1 04) connected to an outer surface of said cylinder 
liner (68; 98), said circumferentially extending por- 
tion being positioned a predetermined distance (L; 
H) away from said outer surface of said cylinder lin- 
s er in a radial direction of said cylinder liner, said cir- 
cumferentially extending portion having a plurality 
of openings (80; 108, 110) connecting outside and 
inside of said circumferentially extending portion. 

io 10. The cylinder block as claimed in claim 9, charac- 
terized in that said predetermined distance (L; H) 
is greater than a width (M; K) of a portion (12b; 12c) 
of said cylinder block body positioned on the outside 
of said circumferentially extending portion, said 

is width being measured in a radial direction of said 
cylinder liner. 

11. The cylinder block as claimed in claim 9, charac- 
terized in that said circumferentially extending por- 

20 tion (72) is connected to said cylinder liner (68) at 
opposite sides thereof. 

12. The cylinder block as claimed in claim 9, charac- 
terized in that said circumferentially extending por- 

25 tion (1 04) is connected to said cylinder liner (98) by 
a single (102) rib at a middle position between op- 
posite sides of said circumferentially extending por- 
tion. 

30 13. The cylinder block as claimed in claim 9, charac- 
terized in that said circumferentially extending por- 
tion (104) is connected to said cylinder liner by a 
plurality of ribs (1 03) each of which extends in a di- 
rection parallel to a longitudinal axis of said cylinder 

35 liner. 

14. The cylinder block as claimed in claim 1 , charac- 
terised in that an uneven portion is provided on an 
outer surface of said cylinder liner in a portion con- 

40 tacting said cylinder block body in a circumferential 
direction. 

15. A method for manufacturing a cylinder block (1 0) of 
an internal combustion engine, comprising: 

45 

a cylinder block body (12) made of a first ma- 
terial; and 

a cylinder liner (14) cast in said cylinder block 
body, said cylinder liner made of a second ma- 

50 terial different from said first material, said cyl- 

inder liner having an engaging portion (26) 
shaped to interfit with a mating portion of said 
cylinder block body, said engaging portion of 
said cylinder liner being outside said portion 

55 mating portion in a radial direction of said cyl- 

inder liner so as to prevent separation of said 
cylinder liner and said cylinder block body in a 
radial direction of said cylinder liner, when said 
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cylinder Block body expands in use, 

said method characterised by: 

a first step of placing a core (200) in a prede- 5 
termined position inside a mold (202), said core 
having an inner surface for forming said engag- 
ing portion (26); 

a second step of die matching a liner pattern 
(206) with respect to said core (200), said liner 10 
pattern having a contour substantially the same 
as said cylinder liner (14) other than a portion 
corresponding to said engaging portion (26), 
said liner pattern (206) comprising a combina- 
tion of a plurality of pieces (210-222) so that '5 
said liner pattern is die matched by positioning 
each of said pieces In a predetermined position 
inside said core (200); 

a third step of forming an outer surface forming 
mold (230) corresponding to an outer surface 20 
of said cylinder liner (14) by filling a mold ma- 
terial in a cavity formed between said mold 
(202) and each of said core (200) and said liner 
pattern (206) and solidifying the mold material 
in said cavity so as to unitize the mold material 25 
and said core (200); 

a fourth step of removing said liner pattern 
(206) from said mold (202); 
a fifth step of placing an inner surface die (236) 
in a predetermined position inside said outer 30 
surface forming mold (230), said inner surface 
die having a contour substantially the same as 
a contour of an inner surface of said cylinder 
liner (14); 

a sixth step of forming a liner forming mold . 35 
(242) by filling a moid material in said inner sur- 
face die (236) so as to form an inner surface 
mold having a contour substantially the same 
as the contour of the inner surface of said cyl- 
inder liner (1 4) and solidifying the mold material *o 
in said inner surface die so as to unitize said 
outer surface forming mold (230) and said inner 
surface forming mold, and 
a seventh step of casting said cylinder liner by 
filling molten metal in a cavity (242a) formed by 45 
said outer surface forming mold and said inner 
surface forming mold of said liner forming mold 
(242); and 

an eight step of insertion casting said cylinder 
block (10) with said cylinder liner (14) inserted 50 
in said cylinder block. 



einer in den Zylinderblockkorper eingegosse- 
nen Zylinderlaufbuchse (14, 28, 44, 38, 52, 68, 98), 
die aus einem zweiten Material besteht, das sich 
von dem ersten Material unterscheidet, 

wobei die Zylinderlaufbuchse einen Eingriff- 
abschnitt (26, 30, 40, 46, 54, 70, 100) aufweist, der 
so gestaltet ist, dass er zu einem Gegenabschnitt 
des Zylinderblockkdrpers passt, 

dadurch gekennzeichnet, dass sich der 
Eingriffabschnitt der Zylinderlaufbuchse auBerhalb 
des Gegenabschnitts in einer radialen Richtung der 
Zylinderlaufbuchse befindet, urn eineTrennung der 
Zylinderlaufbuchse und des Zylinderblockkdrpers 
in einer radialen Richtung der Zylinderlaufbuchse 
zu vermeiden, wenn sich der Zylinderblockkorper 
bei Gebrauch ausdehnt. 

2. Zylinderblock nach Anspruch 1 , dadurch gekenn- 
zeichnet, dass der Eingriffabschnitt der Zylinder- 
laufbuchse entlang einem gesamten Umfang an ei- 
ner AuBenflache der in den Zylinderblockkorper 
eingegossenen Zylinderlaufbuchse ausgebildet ist. 

3. Zylinderblock nach Anspruch 1 oder 2, dadurch ge- 
kennzeichnet, dass der Eingriffabschnitt (26, 30, 
40, 46, 54) einen Vorsprung (140, 142, 32, 34, 48, 
50, 42, 56, 58) aufweist, der nach auBen aus einer 
AuBenflache der Zylinderlaufbuchse (14, 28, 44, 
38, 52) in einer radialen Richtung herausragt, wobei 
der Vorsprung ein Ende hat, das in einer Richtung 
einer Langsachse der Zylinderlaufbuchse verlauft. 

4. Zylinderblock nach Anspruch 1 , dadurch gekenn- 
zeichnet, dass der Eingriffabschnitt einen in der 
Zylinderlaufbuchse (14, 28, 44, 56) ausgebildeten 
hohlen Raum aufweist, der eine Offnung in einer 
AuBenflache der Zylinderlaufbuchse hat, wobei, in 
einer radialen Richtung der Zylinderlaufbuchse ge- 
sehen, eine Fiache des hohlen Raums groBer als 
eine Fiache der Offnung ist. 

5. Zylinderblock nach Anspruch 3, dadurch gekenn- 
zeichnet, dass der Eingriffabschnitt einen ersten 
Vorsprung (1 40, 32, 48, 56) und einen an den ersten 
Vorsprung angrenzenden zweiten Vorsprung (142, 
34, 50, 58) aufweist, wobei der erste und der zweite 
Vorsprung aus einer AuBenflache der Zylinderlauf- 
buchse (14, 28, 44, 52) nach auBen herausragen 
und jeweils ein Ende haben, die in entgegengesetz- 
te Richtungen zueinander in eine Richtung einer 
Langsachse der Zylinderlaufbuchse verlaufen. 



Patentanspruche 

55 

1 . Zylinderblock eines Verbrennungsmotors mit 

einem aus einem ersten Material bestehen- 
den Zylinderblockkorper und 



6. Zylinderblock nach Anspruch 3 oder5, dadurch ge- 
kennzeichnet, dass der erste und der zweite Vor- 
sprung (32, 34) jeweils einen unterschnittenen Ab- 
schnitt (32b, 34b) in einem Bereich haben, der, von 
auBen in einer radialen Richtung der Zylinderlauf- 
buchse gesehen, mit der AuBenflache der Zylinder- 



12 



23 



EP 0 837 235 B1 



laufbuchse ve'rbunden ist. 

7. Zylinderblock nach Anspruch 3 oder5, dadurch ge- 
kennzeichnet, dass ein unebener Abschnltt (60) 
an der AuBenflache der Zylinderlaufbuchse (52) 
zwischen dem ersten und zweiten Vorsprung (56, 
58) entlang einer Umfangsrichtung der Zylinder- 
laufbuchse vorgesehen ist. 

8. Zylinderblock nach Anspruch 3, dadurch gekenn- 
zeichnet, dass der Eingriffabschnitt (46) einen er- 
sten Vorsprung (48) und einen an den ersten Vor- 
sprung angrenzenden zweiten Vorsprung (50) auf- 
weist, wobei der erste und der zweite Vorsprung 
aus einer AuBenflache der Zylinderlaufbuchse (44) 
nach auBen herausragen und zueinander geneigt 
sind. 

9. Zylinderblock nach Anspruch 1 Oder 2, dadurch ge- 
kennzeichnet, dass der Eingriffabschnitt (70, 1 00) 
einen peripher veriaufenden Abschnitt (72, 104), 
der mit einer AuBenflache der Zylinderlaufbuchse 
(68, 98) verbunden ist, aufweist, wobei der peripher 
verlaufende Abschnitt in einem bestimmten Ab- 
stand (L, H) von der AuBenflache der Zylinderlauf- 
buchse in einer radiaien Richtung der Zylinderlauf- 
buchse entfernt angeordnet ist und eine Vielzahl 
von Offnungen (80, 108, 110) hat, die die AuBen- 
und Innenseite des peripher veriaufenden Ab- 
schnitts verbinden. 

10. Zylinderblock nach Anspruch 9, dadurch gekenn- 
zeichnet, dass der bestimmte Abstand (L, H) gro- 
Ber als die Breite (M, K) eines Abschnitts (12b, 12c) 
des Zylinderblockkorpers ist, der sich an der Au- 
Benseite des peripher veriaufenden Abschnitts be- 
findet, wobei die Breite in einer radiaien Richtung 
der Zylinderlaufbuchse gemessen wird. 

11. Zylinderblock nach Anspruch 9, dadurch gekenn- 
zeichnet, dass der peripher verlaufende Abschnitt 
(72) mit der Zylinderlaufbuchse (68) an deren ge- 
genuberiiegenden Serten verbunden ist. 

12. Zylinderblock nach Anspruch 9, dadurch gekenn- 
zeichnet, dass der peripher verlaufende Abschnitt 
(104) mit der Zylinderlaufbuchse (98) durch eine 
einzelne Rippe (1 02) in einer mittleren Position zwi- 
schen den gegenuberliegenden Seiten des peri- 
pher veriaufenden Abschnitts verbunden ist. 

13. Zylinderblock nach Anspruch 9, dadurch gekenn- 
zeichnet, dass der peripher verlaufende Abschnitt 
(104) mit der Zylinderlaufbuchse durch eine Viel- 
zahl von Rippen (103), die jeweils parallel zur 
Langsachse der Zylinderlaufbuchse verlaufen, ver- 
bunden ist. 
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14. Zylinderblock nach Anspruch 1, dadurch gekenn- 
zelchnet, dass ein unebener Abschnitt an einer 
AuBenflache der Zylinderlaufbuchse in einem Ab- 
schnitt vorgesehen ist, der den Zylinderblockkorper 

5 in Umfangsrichtung beruhrt. 

15. Verfahren zur Herstellung eines Zylinderblocks (10) 
eines Verbrennungsmotors mit 

einem aus einem ersten Material bestehen- 

10 den Zylinderblockkorper (12) und 

einer in den Zylinderblockkorper eingegosse- 
nen Zylinderlaufbuchse (14), die aus einem zweiten 
Material besteht, das sich von dem ersten Material 
unterscheidet, wobei die Zylinderlaufbuchse einen 

15 Eingriffabschnitt (26) hat, der so gestaltet ist, dass 
er zu einem Gegenabschnitt des Zylinderblockkor- 
pers passt, und sich der Eingriffabschnitt der Zylin- 
derlaufbuchse auBerhalb des Gegenabschnitts in 
einer radiaien Richtung der Zylinderlaufbuchse be- 

20 findet, urn eine Trennung der Zylinderlaufbuchse 
und des Zylinderblockkorpers in einer radiaien 
Richtung der Zylinderlaufbuchse zu vermeiden, 
wenn sich der Zylinderblockkorper bei Gebrauch 
ausdehnt, 

25 das folgende Schritte aufweist: 

einen ersten Schritt des Anordnens eines 
Kerns (200) an einer bestimmten Stelle in einer 
GieBform (202), wobei der Kern eine Innenfla- 
30 che zur Formung des Eingriffabschnitts (26) 

hat; 

einen zweiten Schritt des Formanpassens ei- 
nes Buchsenmodells (206) an den Kern (200), 
wobei das Buchsenmodell eine Kontur hat, die 
35 mit Ausnahme des Abschnitts, der dem Eingrif- 

fabschnitt (26) entspricht, weitgehend die Glei- 
che wie die der Zylinderlaufbuchse (1 4) ist, wo- 
bei das Buchsenmodell (206) eine Kombination 
aus einer Vielzah! von Teilen (210 - 222) auf- 
40 weist, sodass das Buchsenmodell durch An- 

ordnen jedes Teils an einer bestimmten Stelle 
in dem Kern (200) formangepasst wird; 
einen dritten Schritt des Formens einer AuBen- 
flachenformungs-GieBform (230), die einer Au- 
45 Benflache des Zylinderlaufbuchse (14) ent- 

spricht, durch Einfullen eines Formmaterials in 
einen zwischen der GieBform (202) und jeweils 
dem Kern (200) und dem Buchsenmodell (206) 
gebildeten Hohlraum und durch Verfestigen 
so des Formmaterials in dem Hohlraum, urn das 

Formmaterial und den Kem (200) zu vereini- 
gen; 

einen vierten Schritt des Abnehmens des 
Buchsenmodells (206) von der GieBform (202); 
55 einen fiinften Schritt des Anordnens einer In- 

nenflachenform (236) an einer bestimmten 
Stelle in der AuBenflachenformungs-GieBform 
(230), wobei die Innenflachenform eine Kontur 
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3. B!oc-cylindres selon la revendication 2, caracteri- 
se en ce que ladite partie de mise en prise (26 ; 
30 ; 40 ; 46 ; 54) comprend une saillie ( 140 ; 142 ; 
32 ; 34 ; 48 ; 50 ; 42 ; 56 ; 58) depassant vers I'ex- 

5 terieur depuis une surface exterieure de ladite che- 
mise de cylindre (14 ; 28 ; 44 ; 38 ; 52) dans la di- 
rection radiale, ladite saillie comportant une extre- 
mite s'etendant dans la direction d'un axe longitu- 
dinal de ladite chemise de cylindre. 

10 

4. Bloc-cylindres selon la revendication 1 , caracte ri- 
se en ce que ladite partie de mise en prise com- 
prend un espace creux forme dans ladite chemise 
de cylindre (14 ; 28 ; 44 ; 56), ledit espace creux 

15 comportant une ouverture dans une surface exte- 
rieure de ladite chemise de cylindre, la superficie 
dudit espace creux etant superieure a la superficie 
de ladite ouverture lors d'une observation dans la 
direction radiale de ladite chemise de cylindre. 

20 

5. Bloc-cylindres selon la revendication 3, caracteri- 
se en ce que ladite partie de mise en prise com- 
prend une premiere saillie (1 40 ; 32 ; 48 ; 56) et une 
seconde saillie (142 ;34 ;50 ; 58) adjacente a ladite 

25 premiere saillie, lesdites premiere et seconde 
saillies depassant vers I'exterieur depuis une surfa- 
ce exterieure de ladite chemise de cylindre (1 4 ; 28 ; 
44 ; 52). chacune desdites premiere et seconde 
saillies comportant une partie d'extremite s'eten- 

30 dant dans des directions Tune vers I'autre dans la 
direction de I'axe longitudinal de ladite chemise de 
cylindre. 



hat, die weitgehend die Gleiche wie die Kontur 
der Innenflache der Zylinderlaufbuchse (1 4) 1st; 
einen sechsten Schritt des Formens einer B 
uchsenformungs-GieBform (242) durch Einful- 
len eines Formmaterials in die Innenflachen- 
form (236), urn eine Innenflachen-GieBform 
herzustellen, die eine Kontur hat, die weitge- 
hend die Gleiche wie die Kontur der Innenfla- 
che der Zylinderlaufbuchse (14) ist, und durch 
Verfestigen des Formmaterials in der Innenfla- 
chenform, urn die AuBenflachenformungs- 
GieGform (230) und die Innenflachenformungs- 
GieBform zu vereinigen; 
einen siebenten Schritt des GieRens der Zylin- 
derlaufbuchse durch Einfullen von geschmol- 
zenem Metall in einen Hohlraum (242a), der 
von der AuBenflachenformungs-GieBform und 
der Innenf lachenformungs-GieBf orm der Buch- 
senformungs-GieBform (242) gebildet wird; 
und 

einen achten Schritt des EingieBens des Zylin- 
derblocks (10) mit der in den Zylinderblock ein- 
gesetzten Zylinderlaufbuchse (14). 



Revendications 

1. Bloc-cylindres d'un moteur a combustion interne, 
comprenant : 

un corps de bloc-cylindres constitut d'un pre- 
mier materiau, et 

une chemise de cylindre (14 ; 28 ; 44 ; 38 ; 52 ; 
68 ; 98) moulee dans ledit corps de bloc-cylin- 
dres, ladite chemise de cylindre etant consti- 
tute d'un second materiau different dudit pre- 
mier materiau, 

dans lequel ladite chemise de cylindre com- 
prend une partie de mise en prise (26 ; 30 ; 40 ; 46 ; 
54 ; 70 ; 100) mise en forme pour s'adapter a une 
partie correspondante dudit corps de bloc-cylin- 
dres, 

caracterise par ladite partie de mise en prise 
de ladite chemise de cylindre qui est a I'exterieur de 
ladite partie correspondante dans la direction radia- 
le de ladite chemise de cylindre de facon a empe- 
cher la separation de ladite chemise de cylindre et 
dudit corps de bloc-cylindres dans la direction ra- 
diale de ladite chemise de cylindre, lorsque ledit 
corps de bloc-cylindres se dilate en utilisation. 

2. Bloc-cylindres selon la revendication 1 , dans lequel 
ladite partie de mise en prise de ladite chemise de 
cylindre est formee suivant une circonference en- 
tiere sur une surface exterieure de ladite chemise 
de cylindre qui est moulee dans ledit corps de bloc- 
cylindres. 



6. Bioc-cylindres selon la revendication 3 ou 5, carac- 
35 terise en ce que chacune desdites premiere et se- 
conde saillies (32, 34) comporte une partie d'evide- 
ment (32b, 34b) dans une zone se raccordant a la 
surface exterieure de ladite chemise de cylindre 
lors d'une observation depuis I'exterieur dans la di- 

40 rection radiale de ladite chemise de cylindre. 

7. Bloc-cylindres selon la revendication 3 ou 5, carac- 
terise en ce qu'une partie irreguliere (60) est pre- 
vue sur la surface exterieure de ladite chemise de 

45 cylindre (52) entre les premiere et seconde saillies 
(56, 58) le long de la direction circonferentielle de 
ladite chemise de cylindre. 

8. Bloc-cylindres selon la revendication 3, caracteri- 
50 se en ce que ladite partie de mise en prise (46) 

comprend une premiere saillie (48) et une seconde 
saillie (50) adjacente a ladite premiere saillie, lesdi- 
tes premiere et seconde saillies faisant saillie vers 
I'exterieur depuis une surface exterieure de ladite 
55 chemise de cylindre (44), les premiere et seconde 
saillies s'inclinant Tune vers I'autre. 

9. Bloc-cylindres selon la revendication 1 ou 2, carac- 
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partie correspondante dudit corps de bloc-cy- 
lindres, ladite partie de mise en prise de ladite 
chemise de cyiindre etant exterieure a ladite 
partie correspondante dans ta direction radiale 
5 de ladite chemise de cyiindre de facon a empe- 

cher la separation de ladite chemise de cyiindre 
et dudit corps de bloc-cylindres dans la direc- 
tion radiale de ladite chemise de cyiindre, lors- 
que ledit corps de bloc-cylindres se dilate en 
10 utilisation, 

ledit procede etant caracterise par : 

une premiere etape consistant a placer un 
noyau (200) a une position predetermine 
15 a I'interieur d'un moule (202), ledit noyau 

comportant une surface interieure desti- 
nee a former ladite partie de mise en prise 
(26), 

une seconde etape consistant a adapter 
20 par rapport aux matrices un model e de 
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terise en ce que ladite partie de mise en prise (70 ; 
100) comprend une partie s'etendant sur la circon- 
ference (72 ; 104) reliee a une surface exterieure 
de ladite chemise de cyiindre (68 ; 98), ladite partie 
s'etendant sur ta circonference etant positionnee a 
une distance predeterminee (L ; H) a I'ecart de la- 
dite surface exterieure de ladite chemise de cyiin- 
dre dans la direction radiale de ladite chemise de 
cyiindre, ladite partie s'etendant sur la circonferen- 
ce comportant une pluralite d'ouvertures (80 ; 108 ; 
100) reliant I'exterieur et I'interieur de ladite partie 
s'etendant sur la circonference. 

10. Bloc-cylindres selon la revendication 9, caracteri- 
se en ce que ladite distance predeterminee (L ; H) 
est superieure a la largeur (M ; K) de la partie (12b ; 
12c) dudit corps de bloc-cylindres positionnee sur 
i'exterieur de ladite partie s'etendant sur la circon- 
ference, ladite largeur etant mesuree dans la direc- 
tion radiale de ladite chemise de cyiindre. 

11. Bloc-cylindres selon la revendication 9 r caracteri- 
se en ce que ladite partie s'etendant sur la circon- 
ference (72) est reliee a ladite chemise de cyiindre 
(68) au niveau de cotes opposes de celle-ci. 

12. Bloc-cylindres selon la revendication 9, caracteri- 
se en ce que ladite partie s'etendant sur la circon- 
ference (1 04) est reliee a ladite chemise de cyiindre 
(98) par une seule nervure (102) a une position in- 
termediaire entre les cotes opposes de ladite partie 
s'etendant sur la circonference. 

13. Bloc-cylindres selon la revendication 9, caracteri- 
se en ce que ladite partie s'etendant sur la circon- 
ference (1 04) est reliee a ladite chemise de cyiindre 
par une pluralite de nervures (1 03), chacune d'entre 
elles s'etend dans une direction parallete a I'axe lon- 
gitudinal de ladite chemise de cyiindre. 

14. Bloc-cylindres selon la revendication 1, caracteri- 
se en ce qu'une partie irreguliere est prevue sur 
une surface ext6rieure de ladite chemise de cyiin- 
dre dans une partie venant en contact avec ledit 
corps de bloc-cylindres dans la direction circonfe- 
rentielle. 

15. Procede de fabrication d'un bloc-cylindres (10) d'un 
moteur a combustion interne comprenant : 

un corps de bloc-cylindres (12) constitue d'un 
premier materiau, et 

une chemise de cyiindre (14) moulee dans ledit 
corps de bloc-cylindres, ladite chemise de cy- 
iindre etant constitute d'un second materiau 
different dudit premier materiau, ladite chemise 
de cyiindre comportant une partie de mise en 
prise (26) mise en forme pour s'adapter a une 



chemise (206) par rapport audit noyau 
(200), ledit modele de chemise comportant 
un profil sensiblement identique a la che- 
mise de cyiindre (1 4) differente d'une partie 
correspondant a ladite partie de mise en 
prise (26), ledit modele de chemise (206) 
comprenant une combinaison d'une plura- 
lite de morceaux (21 0 a 222) de sorte que 
ledit modele de chemise est adapte par 
rapport aux matrices en positionnant cha- 
cun desdits morceaux a une position pre- 
determinee a I'interieur dudit noyau (200), 
une troisieme etape consistant a former un 
moule de formation de surface exterieure 
(230) correspondant a une surface exte- 
rieure de ladite chemise de cyiindre (1 4) en 
introduisant un materiau de moule dans 
une cavite formee entre ledit moule (202) 
et chacun dudit noyau (200) et dudit mode- 
le de chemise (206) et en solidifiant le ma- 
teriau de moule dans ladite cavite de facon 
a rendre solidaires le materiau de moule et 
ledit noyau (200), 

une quatrieme etape consistant a enlever 
ledit modele de chemise (206) dudit moule 
(202), 

une cinquieme etape consistant a placer 
une matrice de surface interieure (236) a 
une position predeterminee a I'interieur du- 
dit moule de formation de surface exterieu- 
re (230), ladite matrice de surface interieu- 
re presentant un profil sensiblement iden- 
tique au profil de la surface interieure de 
ladite chemise de cyiindre (14), 
une sixieme etape consistant a former un 
moule de formation de chemise (242) en 
introduisant un materiau de moule dans la- 
dite matrice de surface interieure (236) de 
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facori a former'un moule de surface inte- 
rieure presentant un prof II sensiblement 
identique au profit de la surface interieure 
de ladite chemise de cylindre (14) et en so- 
lidifiant le materiau de moule dans ladite 5 
mat rice de surface interieure de facon a 
rendre solidaires ledit moule de formation 
de surface exterieure (230) et ledit moule 
de formation de surface interieure, et 
une septieme etape consistent a mouler la- io 
dite chemise de cylindre en introduisant un 
metal fondu dans une cavite (242a) formee 
par ledit moule de formation de surface ex- 
terieure et ledit moule deformation de sur- 
face interieure dudit moule de formation de 15 
chemise (242), et 

une huitieme etape consistant a mouler par 
insertion ledit bloc-cylindres (10), ladite 
chemise de cylindre (14) etant inseree 
dans ledit bloc-cylindres. 20 
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FIG. 7 
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FIG. 11 
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FIG. 21 
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FIG. 22 
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FIG. 24 
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FIG. 26 
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FIG. 32 
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FIG. 38 
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